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ABSTRACT : 

PROBLEM TO BE SOLVED: To constitute a light-emitting section 
having P-N 

junction type heterojunction structure without requiring a 
complicated process 

by containing a barrier layer composed of an N-type group III nitride 
semiconductor, a light- emitting layer comprising an indium- 
containing III 

nitride semiconductor and a P-type layer consisting of an oxide as 
the 

light-emitting section. 

SOLUTION: A blue LED 10 is constituted of a laminated structure 
20, having a 

transparent P-type conductive oxide layer functioning as a P-type 
barrier 

layer, a P-type window layer and a P-type electrode layer in 
combination. The 

laminated structure 20 is composed of an Sb-doped N-type Si single^ 
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crystal 

substrate 101 and an N-type buffer layer 103 comprising a 
polycrystalline 

N-type first buffer layer 102a, using zinc blende type cubic boron 
phosphide 

(BP) as the main body and an N-type second buffer layer 102b, using 
cubic BP as 

the main body. The light-emitting device is configured of an N -type 
light-emitting layer 104, having polyphase structure using a gallium- 
indium 

mixed crystal, in which main body phase S is formed of N -type GaN and 
an indium 

composition ratio is set to 0.1, as slave phase T, an undoped N-type 
protective 

layer 105 and a transparent P- type conductive layer 106 composed of 
CuAl02. ~ 
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imm] 1 1 i^Ms^tt*>*>&£3£iyi£^trp 
ngsm^ugsffifeemmzmuz i 1 i&g 

[«f^^S) pm&®zm^&mmm&imttmfrt>% 
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1 

immim&ttx. *w> \ \ iwmitmm 

mm^tmmt. mmt^h^hpBmt^ts 
zttmtti 1 1 1 mmm^mi^mm^ 

m^mzix&m&&&nm-hmA3&&± o*£ 
imm ] mMfrhtch pbm#. a o o nm ~6 

0 0nmOfe^2&3Bc:*tLT. 4 0%£LL?>jS)8*£ 

mm i i^mitwmwmm^. 
$-^st-ri.i»a<JS2~4oMtt*>i«{ciBK<oi 1 1 

0 e vwrcbz z t *■ wskt-tzmsm tieso i 

1 itimtwmtomm?. 

immii mtofrhtchpmmtf. mt&tsmttm 

tup i «{cfe»?> 1 1 1 mm^wm^mm^ 
[ft*«8] m®sfrt>%&P&mifi. cuai o 2 -c 
&s£fc*^fc^&ft!^7fcse8<Di i imam 

im$®9 ] mmfrhKz, p»« <osjs#. 5 n m ~ 

5 0 0 nmmit £ EF&fc-T 8 fctSffiO I 

[g&iio] cuaio 2 *>\ ^ b toj;w 
im^i 11 &wm>t>%iPBmt%mt?>ffi 

fc. AlxGayl nzN (0<Xgl. 0gY<l. X 
+Y + Z= 1 ) T^IB^flS I I ltim.tt®ftmmtf 
ffiz. t>tlX £ fc 5r#tS t -T 6fif£3! 1-10 <7>Mii 

*>i«fciemoi 1 1 wmLwrnwrnm^. 

[0001] 

[fffiB<os-ti.fitffi^»] 1 1 1 mmitmm^mr, 
pBmmfrt>mi$.zti&. pn^m^^mm^ 
mtmtzi 1 1 im^^#mamzm-i. 

[0002] 

h3£/t?J K (LED) fttHi!'-? ^ K 
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(ld> m&mmmfsttfm (mocvd) m 

fc«fc 0-9-7 r4 T ( a -A 1 2 Oamfeil) m&±.tZtt 

(0U»f. Jpn. J. Appl. Phys. . Vo 
1.34. Part 2; No. 10B(1995), 
L1332~L133 5JT#Bg) . ^7r4 TfcftSL 
T. I£fl3^ ( S i C ) £g«fc Lfc^b?'J^A (G 
aN) &^t?*~>v)\sffi&m-t>LDZffif8.-t&Wk 
10 SffitftS ( rjBJBfcSIj . 186 8&Sf57^ (199 
9). 797~800H#«S) . g^(Si)#. 

tfe&fcssifc l. iKFaxw^j/^ (mbe ) mx* 
fmLtzmfcT^-vj* (a i n) *4trMffie» 

36»6«feLED*«WW-4«fcjn«lTV^4 (E 1 ec 
tron. Lett. .Vol. 33. No. 23(1 
997). 19 8 6~ 19 8 7H#88) . tfMSTzo I 

i iB&wmmtotii. m (n) $-v««ii£7^fc 

LT"£tf. HSsSAlxGaY I nzN (OSXgl. 0 
2SY<1. X+Y+Z=l )■<?>. AhGay I nzNi-o 
20 Mo (0£X<1. 0^Y<1. X+Y+Z=l. 

M{i^#l,^k7)^Vg|7c*T'J) 0 . 0 *£Q< 1 ) X'$m 
Ztl& I I I -VM^ft=tJ.S. 
[0 00 3] LEDj£WiLD^OI I 
ttfSftS^tiHvt. Sfl^U^A • A yWJ* (Ga 
x I ni-xN : O^XS 1 ) li. M&mW£imt?& 

<?>izmt&m±&mt#tz>&mz. 1 1 ibmh^ 

5-383 4-^#«s) . a*. zti^<rmm^m3t 
mi. mLfgrmk^wtiwrn-zmx-. P n& 
30 ^mTyyzrtv^rfu (dh> v>sw 

3&«H5WT*I. (0li.*f. ±E^J P n. J. App 
1 . Phys. .Vol. 34(1995) #§&) . SE 

>f^'»>Aifflj£( = i-x) ^ffl^s^a^ffl 

(phase) A^^^S^ffl (multi— phas 
e)»W5Ga«Ini-iN (OSX^l)KI 

3ti£«i«LT. 1 1 imitwmfcmm 
?m&imi>m&tix^& (r^ja^mimii 

S-5. 886, 367^#H3) . 
[0004]^*c0pn«^Sc0DH«ii{Cfco-C. 16 

40 %mz&&?z>pBmw5.nwmmmii. -wazpbm 

UinJgCD^T^S-^A ^y»>A (A lxGai-x ' 

n : o^x^i ) mo 1 1 1 imfcwmm^mfcz 

its. GaN^frm^^^feSfc^ftiL^K 0r 
P. Ty H-7 ( u n d o P e ) *t«-Cn)g<0g^$rM 
-fSfctf) (^iie5 3-2 0 88 2^«HBim»# 
!S) . n)g<0AlxGai-xNlli^lL^>c7)Ji^»T 
*>S. P)gOA lxGai-xNKitotf^. 

^v-7A (Mg) ZpBWmt LTH-t^-TS* 
g£to-C)SIS?itTV^. L*»L^^. 
50 fcl£JISrtfcSA-tS*3!?fc«k 0 . M gtfmm&Fft 
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3 

flrfcSftS (^FlB2872 096^«#fiS) . Z.0) 
tzib. as-growntt®TJi^lfl<Op}gAlxG 
ai-xNS#££LT#£;h.&V^i&fti:&oTV>6 

(imme 1 - 1 6 7 1 #&#<!meig#<so . 

[ 0 0 0 5 ] p ng^lWD Htm*mfSL-t&<?>£>i!m 

a s - g r ownlfcRJlfcttU j£&&tC4 0 OX:£Ja 

54079 . as-growntt® 10 

<OpJ^RttS)*5Sfe!in$tl^A 1 xG ai-x N&BMtng. 

£m&Zit&*mmL>iix^z m??m2 5003 
1 9^m.) . 

[ooo6]«*-e«. pjbi 1 1 mt^mmi^^M 

S. BP*>. %3t^«±S5tEa?ix^0li.tf . pJBA 1 
xGai-xAs (O^X^l) »S«ia*^^^a5{C 

&l e Dtr&^ttt. ±tmmmco±jjizm.v?>m8i 20 

*rtmam±.iz& uu) (Ni)« 
mmmmfrhK&m&zmmtfw^fcpZtix^h 

(!RFH : ^266 10 09^#M) . AukNit« 
Bfcfc- vM, (N i O) fcflrALfcfltJfc&^&STOi 
S>tttTi>5v:fc* { tt^>ia.TV^ (1^^2 9 164 2 
4^#K) . P «GaNMi:53^?h (c 30 

ontactJl^ft?^ T/PS-^A (A 1 ) 

tfrntiaztuzmttma < z n o ) ji* a uim^-s 

y^««li:tTEai--&ttffi3&«$ix-CV^ (T* 
Vti-kSimmuSS, 889. 295^#K). 
[0007] 

v^figftatcj: 1 1 1 mmimm&tfL 

mzmmtx. pn&m.<rmt&zmm-h*mt 

>I£»S*:#>4>xt?df;^;M&g&fc:. P«mfifo£ 40 

le^attts-mu. 1 1 ift^fl:!t^*iB^ 
mfowmmiimbim^ mm%z*mi>-ox 

&f8X'Z&m£L<om\frt>JEH (hole) 

ffifcthmizx *)mtmt>ixi>i>cobmi$tiz. 

[0 0 08] 4fc, ^BHK^*>^&SBBSffiS:P^ 

w&mizmnmiiLTtt. %mmmhmmm so 
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mb I I iS^Mfc^fcJlfcTIUff5:*-$>y:? 

(ohm i c ) m&w$%ixmzii&*?mGtf 
bh. ztitt. m^Tzmm-z 1 1 i&mitwm 

vmzh-yxiimtm&mm. vf) . ldc^o 
ximmEmm. vth> s-sMiwt:fijirc#^^ 

[0009] ^iSm^ttBsSfc LEDfgjftlfcCD* 
-$7?*MK*X»6JttaMI*. 'JVfcT/l'S-'* 
A • tfVVJ* "iV&VJ* ( (A lxGai-x) 1 1 ni-x 
P : 0SXS1. 0<Y^1) LED£|StSf£*8lff 
tttCWl*. WilWl 1-17 2 2 0*001 
«#l4W»«i. ttfbtrU>>A (GaAs)««'Jy 
4fc#«J*A (GaAsP)«, ^-5-/^SS4ttO|6| 

±«iw-=iy** nit lxwalkix-. amm 
mtnmzitx^h. *fz. mmw-i 1-4020^* 
«fci«$*Lswir«4. iTo^»zno*ir^sflK 
fljwarF^P^^^fw^ffifc:. sis izn) 

ftfrXiAu • Zn£^£HifcI!S3-|>fiii£a>£>5: 

SAlGal nPSfcLEDtfPR^ftT^S. 
[ 0 0 1 0 ] L*»U #8W*tt£fe«8*>%££lfc 
SttSA 1 Ga I nP^LEDtC«t>S±IBtf>ta!*S» 

«fc 9aaEfiowfe»^isft«*o 1 1 utms* 
^&mm?£jm£3sm*hb. w^vmtcrm. 

HSW>£fc, 3^^h«^«j£-TS0<i.»f. GaAs 

xi>. m±mwtm&wm&it&&to't&m±m 

[0011] Gax I ni-xN (OSXgl ) 

L. eWrT. I I I t li^5r 

i>. mB&pmrnmmx. P n^fDt& 

trawMtis. 1 1 immnvm 
#mM?*mm-z 1 1 is^(ki*^Mi^sk<o 
m%*-$v?m&zmtt&*i®x'btiii. s» 

L*»t*36«6, S«fc»v^T, 

jgcOGax I m-xN ( O^X^l ) ;6>&fr*ft£IR£o 
(3®^HFGB2 31622 6B#fH) . m.<m 

s&izmih pmcmmsmttftb m%*~ 5 -y ^ 



(4 

5 

[0012] *&mt. m<r>mmktmx. htm± 
offimAz^mt. sss<7)i i iw&\mm&m. 
mttmmz&-y£$LLxmmhz t&mt lx% 

[00 13] 

immt:mm-z>t:ibKfr&'i mma. imommt: io 

BH*>. [1] ft3K&fctT. nj&oi I Ift 

SMIJ^ffc&^&SISaJli:, -f ya^A«ri I I 

Bt^^cfc^^at-r^ 1 1 nsmmem&m. 

ZtlX\,^Zkt:mik1-& [1] I IJ£g 

ftia^ttife^-?. [3] mmi)>t>%z>P&mcr>m 
±mm#. ttmfrhmztizmi&mztti&rhm 20 

±S^J:9*£vv:i:£!B8fc-f& [1] itti [2] 

tcuso 1 1 1 [ 4 ] mm 

P^J!**. 4 0 Onm-6 0 0 nm<Dgfegtf>& 
fttdttLT. 4 0%miKOS3^S:*1-S 1 It^ai: 
[1]~[3] ^fl^lJSfcfEi&OI I IftMft 

wm#mm?. L5^wtmnj*a>^tpmm<m± 

±.X-*>&Zk&ftWLk-f& [2]~[4]<7)M*ia>lJH 

izwmco 1 1 1 mmitmmnimm^ c 6 ] imbm 

&£.tm<r>m±&mk cr&mv 1. o e vjetfc* s. ^ 
fc^^st-rs [5] k^b^i i iw^cwmm. 

c 7 ] immm»6& h r>mmtf. muttjm: 
m>t>m&2tix^z>zt&mLk-r& [i]~[6] 
owuMJHtisaoi 1 1 ^immsftftm?. 
[8] e^A^^spjga^ cu a 1 

k ZW&k^h [ 7 ] fcEffcO I I I i^bH9¥3Sft?& 
#*F. [9] i6-fl:«J*^SpJB«^«^\ 5nm 
~5 0 0nm-C*Sifc5-#ai:^S [8] fcEUOI 
I IR^{k?^^(4s%7^^. [ 1 0 ] CuA 1 O 40 
3mH#r&>6Zb*titkk+h [8] £fcl± 

[9] tcieaoi i iimwhmi«%s?. [ 1 
i ] &m**L>%z>pBmkmmk(omz. a i xg 

ay I nzN (0<X£1. 0gY<l, X+Y+Z= 
1 ) T«E3*14 I I IBM1S!>^ft«*^ii;i£irC 

v^^fc^^fc-rs [i] ~ [io] <mtifriwz 
w&oi 1 1 ^{mm&mm?. izm&. 

[00 14] 

[f^coutt^©] *iH8oigioiiia^©t^Jts 
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pmzpmi i iKS^?jj^«ctrp*^-e»±^<. 

P^<oe^tt$rM-tSiKbHj»«*^««-f k izh 
h. Wmtmk LTIi. flxtf. KftlB (CuzO) 
*mL7>?> ■ Xhuy^A ■ IW ( La:-iS rxC 
u04 : X=l*^ti2) (Mat. Res. Soc. 
Symp. Proc. .Vol. 156(1989). 
18 3-1 88H#iO tck'vyvalxijA h£A0>6 

J* (Lai-xCaxRhOs) . ■ XhViy 

*-9A*a$*ftA (Lai-nSrxRh03) J £§Hk7y 
rPy-A'J^A-ui^A (Lai-nBaiRhOs)? 

& (mm) j ( imsmm* 1997^8^100 
ffif. 3TO6JK) . 2 9w#*o 

[00 15] nJg^^tlp^Gax I ni-xN (0SX 

^ 1 > %k^h%hmmfr^mztihm&>m:^ 

zm±ftmz&th p mm&nmmimfru*. p 
f&mmzmfr&mipmmmmtfffifs.x'zm t 
v*. ep^ xmitzmui. P&mmn 1 immit 

<i ) mmi^m-r^mmmimt^p n^^r 

(i. n^K{ip^(0#-<0%3eiSrp^&^n^ 

*-^V^i^fift^#F«Jt^«»LT^S p n^^ffi 
^TQ^aST&S. mm. nJgGaN»Sfl/n^ 
Gax I ni-xN (OsSX^l) #Ffl ■ nfAhGa 

Ji/pis&fcfcietMJia^&s p ns^iB^oflifiit 
iBiic^?*wi #F«^v^iKEas<7)MtL 

[0016] *H<!B^2<^ISi5^ST»i. IBt®&>f 

m^m-hkim&v>mrfi>tzt>zix. mizin 

MftTOMGa« I ni-xN ( O^Xg 1 ) k^h 

k j vm&Kmmzm&x'* h . 

[0017] zffltmk\imimizit. tmmizmm 

<^a5^-i&iS#-rS±(*ffl (matr ix-phas 

e) k. 0 &m-&temt'bki-h tW). >f 

(SS) £±fcfflJ: O^t-rSftJRffl ( s 

ub-phase) fc*^fl}«$*T.i.rta9safija«ig 

•C*l» (#ITF10-56 2 0 2^^flB«IS#S3) . 

&th. mmmtn. mmx-K^mm^-k 

tliZii. Gax I ni-xN (OsSX^l ) 

&jmzmm&mtf&zm<&Mm&. &m4? 
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(_hfE«03®itff*GB23 16 226B# 

[0018] *mxom3commmre\i. mmon 
>vv) m) *i>m*&P&&mmiJ ! tMxzftTm io 

^77(band-gap)J:^0. 1-H&0. 3 
x.]s?hu>#frh eV) d5<-f&fc. %7t$r 

atefc&S. SB4?>5Qfc7BSlfc£-r*n<. -fys; 

^fc LT 4 0 0 n m~ 6 0 0 n m«&B£J> 

WC. 4 0%ULtOSS*^l^-Sp^t!B5{i. iS 

n&c7)LEDz%&<7)iz%tizim£Mm?z&. mm 

[0 0 19] Gai I ni-xN (OsSXsSl ) fc&oT. 

£ffiffi§OGax I ni-iN ( O^XS 1 ) j&>4,&.&3fc3fc 
Sfc&oT. ftBfflfcfitJfctSGaxi I ni-nN (0< 
X 1 g 1 ) <vm±%ffl±. ±ftffl£5rrGax2 1 ni-x2 
N (0^X2<X1<1 ) O-£*U0'JvC*>&. Gfigffl 

^s^t uc. -eta 0 tm±f§mz±t?zBi{UMt 30 

tf>. *-v'JT (ffltt) tXt3T-t^7 >yx-f (c 1 a 
d d i n g ) flMfla^SSfMbU IBtil'v^ ^ 0 ray 

[0 0 2 0] U>U P»S€!fijfli:fl3tlfc^xy 
tl. UvciiV f J^tiV t h *mz±%2lt&iFm-£ 
1. 0eVS:WTi:-rSttfl*^«fi!t-rSt)<7)t-rs. 50 
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[0021 \m cvmmmtzmioK. m (cu) * 
m&omt Lx-ttimmsm. -mz^<m<nm. 

mm^tih. lot, si£8jj£7ati:-rsp«&g<i: 

•ttoizzmia^mmx^h. mmmmt-th 

(CuAIOj), IHtXhOff-^A -KCuSr 
O2) , Rfb7>J?.&-ffl (CuGaOi) ^if^fyy 
*lMh (de 1 af oss ite)^ (CuMO 
2 : M{i3ffiO^«^^y) 

[0022]^ CuA10 2 (i. HRttSrX^y? 
^/(sputtering) ££WiU-1f-T7 
I'-yj/'llaser ablation)SfcJ: 
0. ffilfc^cLTlQ - c mWfigfiiipBe^^fSffi 
£j£Kr£6 ( "Nature" . Vo 1 . 38 9. N 

0. 6654 (1997) „ 939~942H#88) . 
ftot. C u A 1 02*^«. jSKSf;:^ fififiLft 

ua 1 o 2 ji. m&xm±&mt:m. sevt-tzm 

Wmmmti&X'i>i> (lM<r> "Nature" . Vo 

1. 3 8 9#8sD . g£-?T. CuAlOzHIl Gai 
Ini-xN (0gXgl)|BtS*^Sr|tStLSi£^|. 

3. 4eVfc^-SGaNt<^it^i^)IISJ4*«»0. 1 
eVb%&. lot, CUAIO2KII G 
aNSr±«ctat-ri.^fflffiit<7)GaxI ni-xN (0SX 

^1 ) f^yitjttr. mm<mm.0mazi>'>x&£ 
t* i.^-cfiop^c^mtts-^rrsiKb^a^flt* 

vin«cfc:m8£^|SSgS-CJi. P)EJBHl2HsJf£ 
Cu A 1 O 2 *^1S^-S«0^ffiai:-rS. 
[0023] m9WHiSgfflm±. C u A 1 Oivmm 
«P*L<«5nmUUitCi^-r*. 5nm5feSfT 

iptyXbh. pmicuAxoitvmmmmt 
lx. ^timjmmbLxmm-tt^mnzb^x. 

-ST. 50 0nm5:Si.Sff3t-rSi:p)gCuAlO 

pfcuAi oim<nmmsM±xi> soon 
-v 3 y^tft 0 pjbc u a 1 o 2 jf£j£§rfi,i§£ 

[0024] CuAl O2£ffij£^£CuJJ£&iMfe0 
7^-C*0. I I Ii^^iBJ^fW^^S^tlrtfc 
fetfe, flA-ri.^^WO^. fflJi. GaN^OI I 
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ltimmm#T5&£*& (co l or cente 
r) (J. Appl. Phys. . Vol. 4 

7. No. 12(1976). 5 3 87~5 3 9 0H# 

R) . £#&au: 1 1 1 wmwmmwm* 
■m. m9«omegstE-r*n<. p^cua i o 2 *s 

ti. ztv£»mm*<mmzmT$&. mz.K.r 10 

/P:f> ( A r ) X^ y U >?mz£ 0^*6^p}gC u 
A 1 0 2 *yi,Ji£»£tSfc»i. HRfcli. J&S?SJK£ 
m&frt>®5 0 0X:<9feHfc-rS<D#«J?£*l6 . 
LfcpfCuA 1 OztSSa^lSST^ES*^^*. 

[0025] pjgBHfc!H9«c7>i?ijaoc^ g^a^rrafi 
1 1 1 imifmm^mm^(mwL. 

J: O^&WfcWjh-rsfctt. mi ocrmtmmizrtiHa 
< . SBfcBfc Plfc&fc&Jli^+ISfc:. A 1 

I I I^^1?9^*Ji$rSSn»0^*5!jt^l.. A 20 

i sr##t& 1 1 1 vmmxmmu. a i ^int 

t L-c^tf 1 1 1 mmm*mmi. << vs^-Mr i 

I I imm*m{*mmzmfSfr&±.mi£ o i>m± 

[oo26}%5fcs±fc:g^Ai^i i \wm.m 
*mtom\t*iz. %<n±izpmMmzmm. w 30 
•y ? >j yy^WMZ*thfe<r>imfrt>mmz mm? 

wmm (o) nm&zm&L. K^mm<mmm 

omm\i*J\~ 1 n m£j8i.£> 1 0 0 n mmT<0£BT 

s>s. 1 1 i^immtomm^izh-ix. aus 
mmsfrt>m&zti&jBL (hole) 

y*fr (tunnel) ffl$:lzmmm»<8EA.T$ h 
«£. mm: 2 nm£LtT5 0 nm«Tknfi^+ 'J 40 

[0027] Al^tl I I&g-fBHs^flcJI?) 

a i mm±. mM&himzKhm&mzi,?mt 

•J»7A (AlxGai-xN: O^X^l) frt>%&miU§ 

mat (=x) coiijnfcftfcio^^i:^. mi 

fcf. <OS^cOGao.88 1 no.ixNfBfclfc. 

ft2 0nmfc-t6Alo.85Gao.i5NB£3U:i§3-?) 50 
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IS3fc«£li. m 5 0 nm^4 6 0 nmkWC*} 
U S^»20nmt-tl.Alo.2oGao.8oNl^» 
5 1 0 n mfrt>& 5 3 0 n m t £5 . 
AlxGai-xN ( OgXS 1 ) JS£8t£SI 

ZtUt, A lxGai-xNJf fcGax I 
ni-xN%3tSt«StJ3V^T. 363fclf *mMA<0* 

mk^zjctwmiimfr&nizii&^tf. 
m.m<ti>&o. 2 5~«o. 3o<oent-rs<o 

[0028] 4^tfflK:flbb£IBIEXTUs ±!Btf>m 1 ~ 

1 o<?>m&mizmf& P wmmim±.tzp&{s®m 
mm2itxmi&?&. *mmpmmmmi*. 
mizm?®imfczmfr:z&mmmx'hi>t:#>. % 
mm<rto< p& 1 1 1 mmim^mftmmmizmt 

T. Au-Ni^V^iAu-NiO-Au<0jn<c7)j®a 

ztmh. pm^mwt. ^ion i.Nio, au 

-Zn^, Au-\'J»JW(Be)^ I n-Z 
n^^t**^»jifc«^T§-2.. n)gO^-5 
v9W&\i. 0118. Ni.NiO, In. TVttV 
(Sb) . WCTV^V. Au-Ge^ Au-g 

(Si)^v^«siCi3t«yy<b(fy>A (GaP) 

[0029] 

[ussm] das0m)^aswc*±. P©i^M«. p 

SS^Stp J^lttSgfl:!8j«2:fiixfca®«Ji^2 0 
<i>#feLEDl 02:fli)£-rS^-^tLT. 

BUfcaw^-* . 0 1 \**mtmi,zQkbh ledio^j 
wmmmxht. 

[0 030]«Hfi§jt<fr2 0ti. SbK-7-nJgSi* 

*g B B Bfflsi o i . vmmma&jj&v yimrn ( b 
p ) $-±*t LT^s^ts^nj^m i cotmm 1 o 

2 aSl^SS 1 0 2 a i *) Hh&XT8MZtit:$3j&B 

p&zkt ix%&nm>&2<r)mmmio2bfrt>% 

InJ&mmi 0 2. S i H-7-n}gGaNA>/i>^T 
mmi03. ±»«Slrn«GaNkU T^ftW: 
'f >- v«7Afflj£jtS: 0 . 1 i: -f & U A • A v V 
^gS(Gao.9l no.iN) ^fifigffiTk^&^fflfli 
JtWn^3K1104. T^K-rt-nJ^Alo.sG 
ao. x Nfr$>%&#mm 10 5. SVC uAIOj 
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1 1 

hmmpmmm i o 6jk>i»sw:. 

[0031] 8llRtfS&2?)*I«Jgl 0 2a. 102b 

huxf-;wffl*( (c 2 h 5 ) 3 b) zwm (B)m 

fcU *z~7iy (ph 3 ) z*jy (P) Sfc-TSMO 

cvDffi-cjfc&Lfc. zts&omivmmi 02 a « 

4 2 oxrcjsig l , ««g^^2 <mmm 1 0 2 b i±. 

*l<^S«10 2a^)j£|g^TL^ *X7^ 
££-tf#HM#T««l 0 1 <Dfi&£ 1 0 5 ortc#S 
LTJSKU:. X^df^;pflK£JBl 0 2~1 0 50 

bVXWtfWJo ( (CH 3 ) 3 Ga) /HJ 10 
yC^TA'S.-^^ ( (CH3 ) 3 A 1 ) /YVt+lVA 
>*JVJ» ( (CHs) 3 In)/7yt-7 (NHs) ^ 

^gfcLT. VisvV <Si 2 H 6 ) £ftl0fls»ppm 

w&nwm 1 0 4<oiiaiiastt8 9 ort u mo 1 
1 1 wm^mmwmm 103. 10 sofm&mit 

1050-CtL^. IBtll04<0)SlSi»m 

am 0 5oj£isas^i. r^-rmsfp-ctt^ 
1 5 o-c<^arc#aLfc. nrnomm 1 0 5*>j£iss- 20 
&£timt. io5or^9 5ot:^fe^5oico 
i&KT-^su Mtcsoor^tt^ji 5x:<oasm 
fit*. 8ooic*»^iaig^as^<oKS(ie^ 

mmm^mm 1 0 4 st&iffiTcM y^j, 

[0032] ?gl<0^S«l 02a«0flS (dH±&2 
OnmtLt. &2O|gfMl0 2b<0Jiff»£fc2;um 
fcU dE-v'Jrae(n)(i»2X10 18 cm-3tL 
fc. TSBSJfl 03ttd = 0. 5jumfcU n=3x 30 
1 0 18 cm-3tL7t. ?83fcB104»±d = 0. ljumfc 
U ^'JTlftg (n) =lXl0"cm-3tLt. « 

S8li£#:2 0 sflijatf s njexe?* ^nama 1 0 

2~10 5£j£gt£ifci.. ^aC^at^ MOCV 
Dj£^iO««l«S«:2 0^]ROajtfc. <KC nfl* 

i o 5iccuA i ozfrtt&mipmtm 

mzx oasi o Kvmzm o ox:t Lxwmzv 
tz. z/*v 9 y y?m>EJ}\mo . 1 wm t o r 

r) fcU EPpJ-TSS^ (RF) CAttttl 5077 40 

h (w> fcLfc. pm^mmmmio6^mmm 
o. 1 h«i 06<msmimzTm 

a • cmk^>ft, H-ftfTOWJfc. #5*««Lhfcj£ 
RLtCuAl O2K (K5=0. 1 5jum) <?)«E£4 

5 0 n m(?m&l§1tfc^X0m£mffl6 8%-ch-y 

GaN (m±&m=3. 4eV) fc#±^g*^3. 5 

[oo33] pmm£8tmmio6±.Mt.mmi so 
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1 2 

07a£+?y (Ti ) fcU JJ1SI1 0 7 b£A 1 
^SSBlSisa^&S&JSItgl 0 7£Sttfc. 6&g 
S10 7I2. W&£fil4 0umk?mmtLt:. T 
JfOTiStl 0 7aOBBI*gil 5 0nmtLfc. ±M 

i ski o 1 ammt&Mut. a i -sb^?, 

&6n®*-$y?«ffil08£&*£lt*:. njfr*- 
S y 1 0 8commS$) 1 /x m i: Liz. 
[ 0 0 3 4 ] -21 3 5 0 m fc -f S f- y T^tC^SiI 
U flSO^LEDlOfc&U:. P$€ffil0 7Rtfn 

s -/ 1 0 80t)i*i6ifc 2 0 s y ry^r 

(mA) »msS£jIc5U:i:<r^ P »«S1 07^ 

44 5nm"C&^Jt. IBfcX'*.? HK^iffllJi 
*|p|«E (@20mA) «f%U3.2^f (V) 
»/h (jbW) tSBtbt. 

[0 03 5] (HttR2) *£IfcHTtt. i§b&S:pJBs£ 
mttSHt%«^fili.tWi1«i*4 0*^»feLED3 

oi&«rirrs^-^0!ifcLT. wj^-patiiw 

4. 02{i^ltt0<t:^t)SLED3Oc7)BiilB^Hr 

[003 6]««fflJ&f*:30tt. (0001)t7H 
TW6L1 0 1, GaNj£3gfll02. Si K-7n 
?gG a Nj&»fe*4 n^KSB 10 3. ±«cffl S Sr n®G 
ao.95lno.05Ni:L. ¥%»5r^ yv^Affl^JtS- 
0. 1 5b-r SM^bify^A • >f yy-7ASS (Ga 

ess i no.i 6 N) zmmtoTt-t&mmmcon&m; 
m 1 0 4 . at^c u a 1 oifrtehmiPimmm 1 

0 6*»^>fi|«t>t. 

[0037] m&conmm 1 o 2^4 3 ovx-gmt 
it. i&mmm 1 0 2ia^ 1 1 1 wmtt&wmwm 

10 3, 10 4Ji. hV*+»4f9VA/h\)*+*T 
;^ - ^A/y^o^y^yi- W y^A (C5H5 

1 n ) /r^-T^EMO- VPE&fci OlfcRS 

^ffl«jS^)IBK«104iO)£JSiaStt88 0X:i: 
m>l I iRgfliW^flsfltSSlOS. 105W 

j£igias«io3ox:fcL^„ mmioAommr 
mt. ry^-T^^rm^i src^jgTsoo 
"C'v^ia ttz. 800 ■c*^sai£^)aje^Kia«i 

m 1 0 4 £HlJ3W-6fi!JWBTtfH y ^Aiffl^. 

St lt. nisyytm omp prntfaawrcAtf^* 

[00381SSS1 02O1SE (d) (i|«>17nmk 
Lfc. nJg|iMSl0 3ttd = 0. 5j»miU*+'J 
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13 

TSJg (n) =3xl0 18 cm-'tlt. ffcftll 04 
Jid = 0. ljumfcU ^-vUTifig (n) =1X 10 
i7cm-3fcL^. f»I^ft2 0£li{£^SnJf*Xtf;5' 
*S"r*j££Jf 10 3. 104 . SSK# 

SJLfcft. MOCVDj£S^J:0a«fllj§*2 0 5:1X0 
ttJL^. IBKai04±tCuAlO2*^& 
SBBpJBiHk^aai 0 6i&. HKW&U-lf-T:/ 
ymizX Oa«l 0 1<?>S££#J3 0 OiCfc L 
TS«$-«!. »«l^)ffiWi^O. lTorrfcL 

pjmm&waio6<r)mmi&o. 25umt 10 

Lfc. HS10 6<^K>i¥liSa'C*!;lQ- cmt^ 
£. H-*frT-8i|^ #5*fflg±fc:j£lgL*:Cu A 1 
O2K (KS=0. 25/zm) <9ifcg4 5 0nm«0#fe 

mmi 04^«BW-a±«ct8SSr^-rGao.95 1 n 
o.osN <^ih^lB=3. 3eV) fcp±^la*<»3. 5 
eV<7>CuAlOtt<?>M±%mtemO. 2eV^ 

[0039] P»g«ttIHM$jJf 1 0 6±fc(±, PW1 
0 6*«p^«®lS:t,«Wet«.C:f:fc:ii^ T«a51 20 
07a£TifcU JJfSBl 0 7b£Aufc^6SJf« 
SA^^rS^SmS 10 7 tmtti. SHi 1 0 7 

SiS^SOOjumfcL. ffia^l 20xtmfc-r 
Zm&t Lfc. T1OT i Jgl 0 7 a<D§y»±#J 1 5 
OnmfcLfc. JJf£OAu&10 7b<OK»£ft0. 8 
//mfcLfc. n»^--5>y^«ffil0 8tt. 

%mmz&&pmmmzmti&mmm$immi o 

6. £ffl:f8®O3l3fclll04£-Ar/**y (CH 4 ) 

»j£L£. nB*-$v?n&l 0 8«. Al*^fi|j£ 
L. *<O/fJWi#0. 8*tmtLfc. nffc*-5??« 
ffil0 8^RWtt{i. ©afcl^OOjumfcU fiffl 

10 7. 10 8(iffl5tC»|6j-rSfiatC5V^B&^tfC 

[004 0] -TlS:*?>3 5 0/zmfc-rSf-y7^ 
fcttHL. fflSiJ<OLED3 0t5rL^„ P JB«ffil07 
&tf njg*- 5 y 1 0 8ISfc>Rfr|6]fc2 0 m A« 
B«£iI«L*:fc<r^ pJgmgl0 7^^H^)«« 40 
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^HfeStJ: 0ffl^$ix^%3tS^i»4 7 8 n 
lffifr|6lSff (@2 0mA) \t^LX3. 

[0041] 

Jf. P^Sfiisar^P^-fyH^j-iEffl-rsp^ 
*coiu< 1 1 immtmmm^imwopmmirm 

[ 0 0 4 2 ] *mizmu£ . mw&)*t>%h 

«<. R^mmm&ifckztix. -mmi i usm. 
imscommcmw] 

[01 ] mtmnz§sM(OLED<omm^mvh6. 

[02] HiSM2tEa^LED<0Brig^HTfcS. 

[flr^OHBB] 
1 0 LED 
2 0 ««fll3Sft 
30 LED 

40 mmmm 

1 0 1 mFsffig 

102 urn 
102a mivmm 

10 2b S2<0«®« 

103 Tarasjf 

104 IBfrf 

105 K3S« 

1 0 6 j^pffigf SttlHttfeg; 

107 p&&mg& 

107a «ffiTJgg|5 
107b mfiLhS^ 

108 n«^S7?lf 
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[01] 



1 0 



\ 



1 O 4 ' 

1 O 3^S~ 



1 O 2 b * 
10 2a' 



1 0 8 



1 0 7 



107a / 107b 

136 ^ \ V 



i- 



[02] 



3 0 




1 0 1 



10 8 



4 0 



F*-A(##) 5FQ41 AA42 CA03 CA40 CA46 

5F045 AA04 AA18 AA19 AB14 AB17 
AB18 AB40 AC01 AC08 A009 
AC12 AC16 AC19 AD04 AD05 
AD06 AD07 AD08 AD09 AF03 
AF04 AF05 AF09 BB16 CA09 
CA10 CA11 CA12 DA51 DA52 
DA53 DA54 DA55 DA62 DA63 
DA64 

5F073 CA07 EA05 EA24 



